Immunohistochemistry
Tissue fragments containing fluorescent GG cells were fixed in PAF 4% (4% paraformaldehyde in 0.1 M phosphate buffer) for 5 h and cryoprotected with an overnight incubation in 30% sucrose solution; they were further embedded in Tissue-Tek and frozen with liquid nitrogen. 12-16 µm coronal and sagittal cryosections were prepared and deposited on gelatin-coated slides (chromium (III)-gelatin from porcine skin). The neuronal markers used were NeuN (1:100, Monoclonal mouse Anti-Neuronal nuclei) and TUJ1
(1:2000, Monoclonal mouse Anti-Neuronal Class III !-Tubulin). The glial markers tested were GFAP (1:250, Polyclonal Rabbit Anti-Glial Fibrillary Acidic Protein) and S100! (1:1000, Polyclonal Rabbit Anti-S100!). The markers of the olfactory signal transduction machinery used were G "i2 (1:250, Polyclonal Rabbit Anti-G "i2 ). The cilia markers used were Ac-Tubulin for axonemes (1:2000, Monoclonal Mouse Anti-Acetylated Tubulin) and #-Tubulin (1:5000, Polyclonal Rabbit Anti-#-Tubulin) for centrioles. The secondary antibodies used were coupled to Cy3 (Cy3-conjugated AffiniPure Goat AntiMouse/Rabbit/Ginea pig (H+L)) or Cy5 (Cy5-conjugated AffiniPure Goat Anti-Mouse IgG, F(ab') 2 fragment specific) for double labeling. Immunohistochemistry experiments were performed with a protocol adapted from (S3) . Briefly, cryosections were rehydrated in PBS for 5 minutes, post-fixed with PAF 4% for 15 min, and blocked in a PBS solution containing NGS (Normal Goat Serum) 10% and Triton X-100 0.5%, for 3 h, at room temperature (RT). Primary antibodies were applied to the cryosections for 16 h, at RT.
Cryosections were then washed three times with a PBS solution containing NGS 2%, for 5 min each, and then incubated with secondary antibodies (1:200, in PBS containing NGS 2%) for 1 h, at RT. Cryosections were finally washed three times, for 5 min each, with PBS containing NGS 2% and mounted in Vectashield with DAPI mounting medium.
Observations were made by fluorescence microscopy or confocal microscopy.
Transmitted (TEM) and scanning (SEM) electron microscopy observations
After deep anesthesia with IP injections of sodium pentobarbital, P0, P1, P6, P8, P12, P15 days and P6 months mice were perfused and fixed transcardially with 2% paraformaldehyde, 2.5% glutaraldehyde in 0.1 M phosphate buffer. Mouse heads were dissected and placed overnight in the same solution. They were then briefly rinsed in PBS and included in 5% agarose. Coronal and horizontal sections of 80 µm were obtained with a vibroslicer. Selected sections were washed twice in 0.1 M cacodylate buffer for 5 min. This solution was changed for a 1% osmium tetroxide in 0.1 M cacodylate buffer for 60 min and then washed with distilled water. Sections were then placed for 30 min of staining in 1% uranyl acetate and washed with distilled water. Sections were dehydrated in graded alcohol series and placed in propylene oxide for twice 5 min. Sections were then embedded in EPON-DMP30 resin further replaced by fresh Durcapan and embedded on glass slides to be placed in an oven for 48 h at 65°C. Ultra-thin sections (50 nm) were prepared and membrane contrast was obtained by lead-citrate. Observations were made on a TEM microscope.
For scanning microscopy, two types of tissue samples were prepared: the upper nasal cavities and coronal 80 µm sections of the GG. They were then fixed in 2.0% glutaraldehyde in 0.2 M cacodylate buffer overnight, at 4°C. After rinsing in cacodylate buffer, samples were dehydrated using increasing alcohol concentrations and dried by the critical point method. Finally, they were mounted on aluminium stubs, coated with platinum (12 nm) and examined with a scanning electron microscope operated at 5 kV or 15 kV accelerating voltage.
Calcium imaging
Acute tissue slices containing GG cells were prepared from 30 min to 6 months-old OMP-GFP mice. The superior anterior part of the mouse head was collected and rinsed in cold ACSF. The tip of the head was embedded in 5% low-melting agar prepared in Ringer (NaCl 140 mM, Ca 2+ 2 mM, KCl 5 mM, Hepes 10 mM, pH 7.6) and transferred on ice for 30 s for solidification. The agar block was then fixed onto the holder of the vibratome. 80 µm coronal sections of the GG were cut in cold oxygenated ACSF. Slices were selected for GG cell presence with a fluorescence microscope equipped with a filter for GFP (488 nm) under a 10x objective. Selected slices were loaded with Fura-2 AM (5 µM) and Pluronic (0.1%) in calcium free ACSF (NaCl 118 mM, NaHCO 3 25 mM, KCl 2 mM, MgCl 2 2 mM, NaH 2 PO 4 1.2 mM, glucose 10 mM) and positioned in the perfusion chamber. Calcium imaging experiments were performed with an inverted fluorescence microscope with a 25x or a 63x objective and a CooL SNA-HQ camera. The software MetaFluor was used to monitor intracellular calcium and acquire images at 0.4 Hz.
Chemostimulation
Odorants and pheromones were prepared as 0.5 mM solutions in dimethyl sulfoxide (DMSO) and kept protected from light. Final solutions were made fresh before each experiments by adding the chemicals to the ACSF solution (pH 7.4). Final DMSO concentrations (<0.1%) had no effect on Ca 2+ concentrations. The odorants used were: amyl acetate, durene, eugenol, myrtenal, cineole, citral, 4-metylanisol, fenchone at 10 -6 M. The pheromones used were isobutylamine, 2-heptanone, pentylacetate, dimethylpyrazine, !/"-farnesenes at 10 -7 M. In addition, mouse milk (obtained from the gastric content of the recorded pups, diluted 1/10 and filtered at 0.22 µm) as well as mammary secretions of the lactating female mice (nipple wash) and a mix of male and female (1/1) mouse urine
(1/1000) were also tested. Alarm pheromones (AP) were collected following a protocol adapted from (S4). Briefly, 4 mice at the time were transferred into a closed Plexiglas chamber (38.5 x 11.5 x 15 cm) and killed by CO 2 inhalation. This deadly stress induced mice to release water-soluble AP (S5) . During the killing process, compressed air continuously entered the chamber pushing its gaseous content via Tygon tubing into a 50 ml recipient containing 25 ml of ACSF. Alarm pheromones were directly transferred via bubbling into ACSF without further processing. ASCF + AP could be used for perfusion.
As a control, the same procedure was used to collect general pheromones (GP) produced by freely behaving and communicating mice. Acidified ACSF (pH 6) and CO 2 saturated ACSF prepared according to the literature (S6) were also used. Interstimulus interval was 4 min unless otherwise specified. ACSF containing 100 mM KCl (NaCl 35 mM, NaHCO 3 25 mM, KCl 100 mM, CaCl 2 0.5 mM, MgCl 2 3 mM, NaH 2 PO 4 1.2 mM, glucose 10 mM, saturated with oxycarbon) was used to test cell viability. For testing the origin of the calcium transient induced by AP, experiments were performed in divalent free-ACSF (NaCl 118 mM, NaHCO 3 25 mM, KCl 2 mM, NaH 2 PO 4 1.2 mM, glucose 10 mM, EGTA 1 mM saturated with oxycarbon) in the presence or not of 20 mM thapsigargin.
Permeability assays
To test the permeability of the keratinized epithelium covering the GG cells, we performed two different skin permeability tests previously described: one using Toluidine blue (S7) and another using the fluorescent dye Lucifer yellow (S8) . Briefly, for the Toluidine blue staining, P0 and P11 mice were killed and successively dehydrated in graded methanol solutions (25 to 100%). Mice were then rehydrated in the same series of methanol solutions, washed in PBS and incubated overnight at 4°C in 0.1 % Toluidine blue. After destaining in PBS, they were observed and photographed. For the Lucifer yellow experiments, the nasal cavities of P0 and P6 months mice were perfused from the back of the head to the opening of the naris for 15 min with 1 mM Lucifer yellow solution at 37 °C.
After the perfusion, the anterior part of the head was incubated in the same solution for 1 h.
Cryosections of 5 µm were cut, postfixated and conterstained with DAPI for confocal observation.
Behavioral assay
Axonal projection bundles of GG cells from OMP-GFP mice (P0, n = 14) were sectioned using disposable 26G needles under deep isoflurane anesthesia (S9). Mother-pup recognition was not affected by the procedure. The experiments were performed 30 days post lesion. Mice were housed in isolated cages 4 days before the beginning of the tests.
They were given food and water ad libitum. Room temperature was maintained at 21°C.
Behavioral experiments were performed during the dark phase of a 12:12 h light/dark cycle.
Behavioral test sessions were recorded on videotape and subsequently analyzed offline by an author who was unaware of the phenotype of the mice. Animals were used to handing and familiar with the test chamber (a closed plexiglas box of 45 x 25 x19 cm) and with the presence of the ACSF container to minimize environmental stress. Mice were transferred to the test box. Freezing duration and the total walking distance covered were measured during 3-min sessions in the presence or not of AP in the 25 ml ACSF solution. As a control, the olfactory function of the mice was also tested (S10). The time needed by fooddeprived mice for 18 h to find a buried cookie under $1 cm of bedding was measured. This test was done on 2 consecutive days and the location of the cookie systematically varied across days. The results presented were recorded on day 2. The learning process was similar in both experimental groups. The degeneration of the GG was observed at the end of the behavioral assays after whole mount preparations under a fluorescence stereomicroscope. Mice with intact GG were considered as the control group (n = 6, Ctrl) and mice with a complete degeneration of the GG (absence of GFP-positive cells) as the axotomized group (n = 5, Axo). No scaring tissue was observed in the nasal cavity. In parallel, the same experiments were performed on OMP-GFP mice of the same age that did not undergo the surgical procedure (n = 6). No significant differences in behavior (freezing, walking distance and olfactory function) were observed between these mice and our control (Ctrl) group ( fig. S8 ).
Statistical analysis
Values are expressed as mean ± standard error of the mean (SEM The basal body is composed by 9 triplets of microtubules (2). The early axoneme is composed of (9+0) doublet of microtubules (3) and is followed by a (8+1) doublet (4) Movie S1: The presence of AP induces typical freezing behavior in the control mouse. Photographs taken every 5 s for the first 45 s of the movie S1 are presented (t0-t45). (A) Characteristic exploring activity of a representative control mouse in the presence of ACSF in the container (white box in the lower right corner). (B) When AP are added to ACSF, the behavior of the mouse dramatically changes, continuous freezing occurs.
